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HERBICIDE RESISTANT MAIZE 



This invention relates to herbicide resistant 
maize plants and the seed and progeny thereof. 

The purpose in providing crop plants which 
resist the action of a herbicide is to facilitate the 
5 destruction of weeds growing between the plants by 
the overall application of a herbicidally effective 
concentration of a herbicide which would destroy the 
crop plant in its normal, that is herbicide 
sensitive, state. Such resistant plants are also 
10 useful for use in a locus of any short term 

carry-over of herbicide from a previous crop. 

Methods are known by which populations of plants 
may be obtained which contain a great number of 
random mutations. Such methods include tissue 
15 culture techniques where spontaneous somaclonal 
variation occurs in the presence or absence of a 
mutagen. By applying to the cultures some form of 
selection pressure it is possible to recover cells 
which resist that pressure. Depending on the plant 
20 species it is sometimes possible to regenerate whole 
plants from the resistant cells. Such tissue culture 
selection methods have been used in the past to 
select for resistance to herbicides. 

Neuffer and Coe {Maydica XXIII (1978) 21-28; 
25 page 21} have described a procedure for corn (maize) 
pollen mutagenesis using mutagens suspended in light 
paraffin oil, followed by pollination of a recipient 
plant with the mutagenized pollen. As reported, 
there is no indication that any attempt was ever made 
30 to locate and isolate commercially important mutants 
and, although it is said that the resulting plants 



WO 90/14000 



PCT/GB90/00753 



2 

were examined for mutants, no details are given as to 
the properties of any mutants which may have been 
found, probably by visual inspection. 

In Plant Breeding Reviews 5, pages 39 to 180, 
Bird and Neuffer review the uses of mutagenic 
processes to produce variation in maize. Pollen 
mutagenesis is discussed at pages 150 and 151. 
Pollen mutageneseis gives a relatively high frequency 
of variation in the generation compared with other 
available procedures. However, no suggestion is made 
in respect of the use of pollen mutagenesis for 
generation of mutants__whi ch . display resistance to 
herbicide action. Section Hi (page 149) describes 
some of the difficulties of the use of mutagenesis as 
a source of genetic variation. one important aspect 
is the method by which the population of putative 
mutants is screened for useful phenotypes. 

An object of the present invention is to provide 
herbicide resistant maiae. 

According to the present invention there is 
provided a method of producing mutant Zea mays 
possessing resistance to a normally lethal 
concentration of a chosen herbicide, comprising 
subjecting isolated pollen of Zea mays to the action 
of a chemical mutagen, recovering mutagenised pollen, 
pollinating a female parent therewith, harvesting 
seed from the mature plant, growing the seeds under 
selection pressure of the chosen herbicide or a 
second herbicide having the same mode of action as 
the chosen herbicide, and recovering progeny 
resistant to the applied selection pressure. 

Preferably the chemical mutagen is ethyl 
methanesulphonate . 

Preferably the herbicide utilised for applying 
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selection pressure is an inhibitor of acetolactate 
synthase and more preferably is imazethapyr. 

Preferably also the selection pressure is 
applied by application of the herbicide to the seeds 
pre-emergence . 

It is preferred that the concentration of 
herbicide used for selection pressure is insufficient 
to inhibit germination but sufficient to inhibit 
growth of sensitive plants. 

Further according to the present invention we 
provide herbicide resistant maize plants, seeds of 
which have been deposited at the National Collection 
of Industrial & Marine Bacteria, Aberdeen, United 
Kingdom, official details of the deposits being as in 



15 


Table 1 


below. 








TABLE 1 










Mutant 


Applicant 


Accession 


Date of 




Number 


Code 


Numbe r 


Deposit 


20 


1 


ICI/88/01 63-3D 


NCI MB 40137 


8 May 1989 




2 


ICI/88/03 56-3G 


NCI MB 40136 


8 May 1989 




3 


ICI/88/04 82-5H 


NCI MB 40138 


8 May 1989 




4 


see footnote 








5 


ICI/88/07 97-4L 


NCIMB 40167 


18 July 1989 


25 


6 


ICI/88/07 76-6H 


NCIMB 40168 


18 July 1989 




7 


ICI/88/07 58-5D 


NCIMB 40169 


18 July 1989 




8 


ICI/88/09 77-7N 


NCIMB 40170 


18 July 1989 




9 


ICI/88/10 1-4C 


NCIMB 40171 


18 July 1989 




10 


ICI/88/10 72-4N 


NCIMB 40172 


18 July 1989 



Mutant Number 4 was withdrawn in the light of 
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further testing which showed that it possessed no 
useful resistance. The number has been retained to 
to retain the sequence on numbers in the description 
which follows. 
5 Each of these deposits is a genetic mixture, 

segregating mutant and non-mutant seeds. The mutants 
are heterozygous for the gene conferring herbicide 
resistance. Mutant plants may be derived from these 
seeds by growing under the conditions described below 
10 under the heading "Screening" in the presence of the 
herbicide imazethapyr. 

The invention also provides seeds of the said- 
plant and progeny of the said plant which have been 
produced by crossing of the plants of this invention 
15 wxth other maize plant lines. 

The plants of this invention are known to be 
resistant to certain members of the imidazoline 
family of herbicides, for example, imazethapyr [5- 
ethyl-2-( 5-iso- propyl-5-m e thyl-4-oxo-2-imidazolin- 
20 2-yl) nicotinic acid: (Trade Mark PURSUIT, American 
Cyanamid)]. cross resistance to herbicides of the 
sulphonylurea family, chlorsulf uron , for example, has 
also been found, as has resistance to the phenoxy- 
pyrimidines and the triazolopyrimidines . Resistance 
25 to other, as yet untested, herbicide families may also 
be present. 

The herbicides against which the plants of the 
invention have so far been tested are those whose mode 
of action is inhibition of the enzyme acetolactate 
30 synthase ( ALS ) , also known as acetohydroxyacid 

synthase ( AHAS ) . It is convenient to refer to the 
herbicides by the Trade Marks by which they are sold 
commercially. Figure 2 of the drawings gives the 
chemical structures of the active ingredients. 
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A detailed exposition of the molecular basis of 
the resistance to the sulphonylurea herbicides is 
given in European Patent Application 257,993 (E.I. Du 
Pont de Nemours and Company). Isolation of 
5 imidazolinone-resistant maize from tissue culture is 
reported in United States Patent Number 4,761,373 
(Molecular Genetics Inc.). Various plant species and 
several herbicides are reported in the literature as 
having been used in tissue culture processes to 
10 isolate resistant mutants. 

In comparison, the present invention does not 
utilise tissue culture. The resistance is introduced 
by mutagenesis of pollen by a chemical mutagen. 
Selection is effected directly on the seeds formed 
15 after fertilisation with the mutagenised pollen either 
by treatment of the seed pre-eme rgence or at the 
seedling stage, or both. 

Certain advantages accrue from the use of pollen 
mutagenesis as a method of creating mutants rather 
20 than the more usual method of relying on somaclonal 
variation to produce the variation. In order that 
somaclonal variation may occur it is required that a 
culture of plant tissue be established. This 
requirement restricts the choice of genotype which may 
25 be used as it is not always possible to regenerate 

whole plants from the cultured tissue. On the other 
hand, mutagenised pollen may be applied to any 
recipient maize genotype, including commercially 
important and well-established elite breeding lines. 
30 Also the rate of occurrence of undesirable mutations 
which somaclonal variation is known to produce is 
reduced. 

In this invention, selection is carried out at 
at the n 1 generation, with the result that only 



WO 90/14000 



PCIYGB90/00753 



6 

dominant mutations are selected. Also, being carried 
out on whole plants or on the seed pre-emergence , or 
both, allows the herbicide concentration to mimic the 
field conditions more closely than is possible with 
the application of the selection pressure of the 
herbicide to a tissue culture. In the tissue culture 
selection method, whole plants have to be regenerated 
from the tissue and grown to maturity before any 
indication of the performance of the progeny under 
field application rates of the herbicide can be 
obtained. in our method, selection is made directly 
on .£ ne Plants under concentrations -of he-rbdcide which 
are comparable to those which are recommended for 
normal weed-killing activity in the field. Selection 
on the « 2 generation, as with the tissue culture 
method, selects recessive mutations as well as 
dominant traits. Dominance of a desirable trait is 
generally viewed as more useful and easier to handle 
in a breeding programme especially of hybrid crops. 

We believe that the mutants selected under 
herbicide pressure vary according to the particular 
member of the herbicide family which is used. All of 
our mutants were selected under pressure of 
imazethapyr. Had a different imidazolinone herbicide 
been used, a different spectrum of mutants would have 
been selected. 

we have found, quite surprisingly, that the 
mutants which we have isolated by the method of the 
invention are free of deleterious mutations. This was 
entirely unexpected and the reason for this advantage 
is not entirely clear. We believe, but do not wish to 
be bound by this explanation, that the degree of 
control which we are able to exercise over the 
selection step, using carefully controlled rates of 
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application of the herbicide , for example, giving a 
good overall and uniform rate of exposure, may be 
responsible . 

The invention will now be described by the 
5 following summary of. the method by which the 

herbicide- resistant plants of the invention were 
derived. 

The Figures which accompany this application are 
as follows: 

10 Figure 1 is a flow-chart showing the derivation 

of several generations of progeny from plants 

generated by this invention; _ ..... ........... 

Figure 2 shows the chemical structures of the 
herbicides used in this invention; 
15 Figure 3 is a graph of ALS enzyme activity in 

the presence of imazethapyr. The enzyme is extracted 
from plants heterozygous for the resistance gene; 

Figure 4 is a graph of ALS enzyme activity in the 
presence of imazapyr. The enzyme is extracted from 
20 plants heterozygous for the resistance gene; 

Figure 5 is a graph of ALS enzyme activity in the 
presence of imazaquin. The enzyme is extracted from 
plants heterozygous for the resistance gene; 

Figure 6 is a graph of ALS enzyme activity in the 
25 presence of chlorsulf uron . The enzyme is extracted 
from plants heterozygous for the resistance gene; 

Figure 7 is a graph of ALS enzyme activity in the 
presence of chlorimuron. The enzyme is extracted from 
plants heterozygous for the resistance gene ; 
30 Figure 8 is a graph of ALS enzyme activity in 

the presence of thiacarburon. The enzyme is extracted 
from plants heterozygous for the resistance gene- 
Figure 9 is an enzyme activity graph of the 
activity of ALS extracted from leaves of progeny of 
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mutants 1 and 2 which are homozygous for the resistant 
allele and in the presence of imazethapyr ( PURSUIT) ; 

Figure 10 is an enzyme activity graph of the 
activity of ALS extracted from leaves of mutants 1 and 
2 which are homozygous for the resistant allele and in 
the presence of imazaquin (SCEPTER); 

Figure 11 is an enzyme activity graph of the 
activity of ALS extracted from leaves of mutants 1 and 
2 which are homozygous for the resistant allele and in 
the presence of imazapyr (ARSENAL); 

Figure 12 is an enzyme activity graph of the 
activity of ALS extracted from leaves of-mutants 1 and 
2 which are homozygous for the resistant allele and in 
the presence of chlorsulf uron (GLEAN); 

Figure 13 is an enzyme activity graph of the 
activity of ALS extracted from leaves of mutants 1 and 
2 which are homozygous for the resistant allele and in 
the presence of chlorimuron (CLASSIC); 

Figure 14 is an enzyme activity graph of the 
activity of ALS extracted from leaves of mutants 1 and 
2 which are homozygous for the resistant allele and in 
the presence of thiacarburon (HARMONY); 

Figure 15 is an enzyme activity graph of the 
activity of ALS extracted from leaves of mutants 1 and 
2 which are homozygous for the resistant allele and in 
the presence of a triazolopyrimidine ; 

Figure 16 is an enzyme activity graph of the 
activity of ALS extracted from leaves of mutants 1 and 
2 which are homozygous for the resistant allele and in 
the presence of a phenoxypyrimidine ; 

Figure 17 is a dose response curve for the 
herbicide imazethapyr (PURSUIT); 

Figure 18 is a dose response curve for the 
herbicide imazaquin (SCEPTER); 
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Figure 19 is a dose response curve for the 
herbicide chlorimuron (CLASSIC); 

Figure 20 is a dose response curve for the 
herbicide chlorsulf uron (GLEAN); 
5 Figure 21 is a dose response curve for a 

triazolopyrimidine herbicide; 

Figure 22 is a dose response curve for a 
phenoxypyrintidine herbicide; and, 

Figure 23 is a dose response curve for the 
10 herbicide imazethapyr (PURSUIT) for mutants 1 and 2 in 
both heterozygous and homozygous forms. 

1. PRODUCTION OF Hi SEED 

A stock solution of ethyl methane sulphonate 
(EMS) was made up to contain one millilitre of EMS in 
15 100 ml of light paraffin oil. The stock solution was 
stored under refrigeration. 

Fresh pollen grains with anthers were harvested 
from a total of twenty tassels of field grown maize 
inbred line UE95. Pollen grains were separated from 
20 the anthers using a Glassine (Trade Mark) bag. 

Around 3 milligrams of pollen were added to 45 
millilitres of the EMS stock solution in a 60 ml 
capacity bottle. The pollen/EMS solution mixture was 
shaken vigorously for 30 seconds then shaken four or 
25 five times every three minutes over a period of 40 
minutes, to prevent precipitation of the pollen 
grains. The treated pollen grains were brushed on to 
the silks of the detasseled inbred female parent 
(coded UE95) . 

30 The plants were grown to maturity and the Ml 

seeds harvested. 
2. SCREENING 

Ml seed was sown, 100 seeds per tray, in WCB 
growing medium (low organic matter, 45% loam, 55% 
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grit) and sprayed to 'run-off using a track sprayer, 
with a solution of imazethapyr (PURSUIT) at a 
concentration calculated to be the equivalent of 250 
g/ha of active ingredient . The seeds were covered 
with 0.5 inch of WCB and grown in the glasshouse at 
25°C. 

The chosen application rate was such that 
germination was close to 100%, but subsequently all 
susceptible plants were severely affected. However, 
after about two weeks, the initial effect of the 
herbicide became apparent: thin striped leaves and 
reduced height of only about 20% of the height of the-- 
control plants. After three to four weeks almost all 
the sensitive plants were completely dead. Unsprayed 
UE95 plants were always grown in parallel with each 
screen as a control as it was already known that 
normal and Ml seedlings of UE95 are almost 
indistinguishable when germinated and grown to 
maturity without spraying. 
3 . SELECTION AND GROWTH 

A total of ten plants (representing 0.01% of the 
total) were initially selected from the screen as 
exhibiting tolerance of normally lethal dosages of the 
herbicide. Mutant No. 4 was subsequently found to be 
of the sensitive phenotype and was withdrawn from the 
programme. of the remaining nine, the majority were 
morphologically similar to the untreated control 
plants after selection but four were affected, being 
shorter and exhibiting other herbicidal effects. 
Samples of seeds of these nine plants back-crossed to 
the parent UE95 (Mutants 1 to 10, excluding No. 4) are 
those which have been deposited with the National 
Collection of Industrial and Marine Bacteria (see 
Table 1 above ) . 
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4. RFLP STUDY 

In order to confirm that the sibling plants were 
indeed of UE95 genotype in origin and not an 
intrinsically more resistant contaminating inbred or 
5 hybrid, RFLP (restriction fragment length 

polymorphism) fingerprinting analysis was performed on 
DNA extracted from leaf tissue from all ten plants. 

Approximately 1 to 5 grams of leaf tissue was 
removed from each plant (ranging in age from four 
10 weeks to 'mature'), DNA extracted and RFLP analysis 
performed using diagnostic single copy probes. 

* F kl > .. analysis confirmed that the selected plants 
were of the UE95 genotype. 
5. SEGREGATION STUDY 
15 Resistant plants were used in reciprocal 

back-crosses with homozygous, herbicide sensitive 
UE95. The frequency of resistant progeny in the M^BC^ 
or MjBCj generations was found by treatment with 
imazethapyr and counting the survivors. The results 
20 are shown in Table 2 below, along with the calculated 
value of x 2 (for a 1:1 ratio). 

As can been seen from the figures quoted in Table 
2, the ratio of resistant to sensitive plants in the 
progeny of the backcross is not significantly 
25 different from 1:1 for all of the mutants except 
numbers 3 and 7, indicating that resistance is 
controlled by a single dominant gene. 
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Mutant 


Number 


Number 


Number 


2 


No. 




sensitive 


resi stent 


X 

(for 1:1) 


1 


40 


18 


22 


0.40 


2 


228 


110 


118 


0.28 


3* 


206 


120 


86 


5.61 


5 


168 


94 


74 


2.38 


6 


60 


36 


24 


2.40 


7* 


168 


139 


29 


72.00 


8 


188 


88 


100 


0.77 


9 


168 


83 


85 


0.02 


10 


134 


73 


71 


0.03 



* The resistance jof these mutants to imazethapyr 
is low and it was therefore difficult to make a 
meaningful assessment in this experiment but, 
experience in other tests indicates that segregation 
is in the region of 1:1. 

6. GENERATI ON OF Fl SEED FROM RESISTANT PLANTS 

All ten plants identified in the screen were used 
in reciprocal sib-crossing with UE95 plants to give 
seed (designated J^BC^), that is, the resistant plants 
were used as both male and female donors. 
1 • RESCREENING OF THE PROGENY SEED 

Prom each resulting cob, a small sample of seed 
was screened for imazethapyr (PURSUIT) resistance, 
employing the same conditions as are described above 
for the initial screen. 

Resistant and sensitive phenotypes segregated in 
the progeny of each resistant plant. 
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8. PRODUCTION OF FURTHER GENERATIONS 

Referring to Figure 1, the MjBCj plants were self 
pollinated to give generation M^BC^S^ which was again 
self-pollinated to give M 1 BC 1 S 2 . From that generation 

5 it was possible to identify, by the fact that the 

resistant trait is non-segregating, lines which are 
homozygous for the trait. These homozygous lines 
derived from Mutant No.l may be utilised for the 
production of Fl hybrids which possess resistance to 

10 the iraidazolinone herbicides or for further breeding 
work. 

9. . ENZYME,. ASSAYS 

Seeds of generation M2 BC i M i BC 2 of the nine 
mutants were sprayed pre-emergence with the herbicide 
15 imazethapyr (PURSUIT) (Trade Mark) at a rate of 250 

g/ha and grown in a growth chamber (16 hour day, 27°C; 
8 hour night, 17°C). Plants were harvested after 11 
days . 

Four grams of leaf material were harvested from 
20 just above the first leaf axis and ground in a mortar 
and pestle in 20ml of a solution containing 40mM 
Tricine (Trade Mark), lOmM EDTA, 5mM pyruvate, 80 //M 
flavin adenine dinucleotide (FAD), ImM di thiothrei tol 
( DTT ) , pH 8, plus 0.8g Polyclar AT. The homogenate 
25 was pressed through four layers of muslin and 
centrifuged at 30,000g for 20 minutes. 

The supernatant was brought to 65% saturation 
with ammonium sulphate, left to precipitate for 30 
minutes and then centrifuged at 30.000g for 20 
30 minutes. The pellet was resuspended in 2.5ml of 40mM 
Tricine, lOraM EDTA, 5mM pyruvate, 80/l/M FAD, 25% (v/v) 
glycerol, ImM DTT, pH 8, and desalted into 3.5ml of 
40mM Tricine, 10mM EDTA, 25% (v/v) glycerol, ImM DTT, 
pH 8. 
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One hundred raicrolitres of the enzyme extract was 
used for each assay. Final reagent concentrations 
were: 120mM Tricine, 50mM pyruvate, lOmM MgCl 2 , 66mM 
FAD, thiamine pyrophosphate (TPP), pH 8 , in the 

presence or absence of a herbicide of interest, in a 
volume of 750 nl. Incubations were carried out at 
37 "C for 30 minutes. Reactions were stopped with 
250//1 of 1.84M sulphuric acid, and decarboxylation of 
the acetolactate carried out at 37°c for 75 minutes, 
or at 60»c for 30 minutes. Assay blanks had sulphuric 
acid added prior to the enzyme extract. To the 
samples and blanks 650//1 .g£..a r naphthal in 2.73m * 
NaOH/0.16%(w/v) creatine were added followed by 
incubation at 37°C for 30 minutes. After 
centrifugation at 30,000g the optical density of the 
supernatant was read at 540nm. 

The assay procedure described was carried out on 
ALS enzyme extracted from each of the nine mutants for 
the following herbicides: 
imazethapyr (PURSUIT) 
imazapyr (ARSENAL) 
imazaquin (SCEPTER) 
chlorsulfuron (GLEAN) 
chlorimuron (CLASSIC) 
thiacarburon (HARMONY) 

The enzyme activity graphs are given as Figures 3 
to 8. in addition, homozygous lines of mutants 1 and 
2 which were selected from generation MiBCjSj, were 
also tested against the same group of herbicides and 
against representatives of the triazolopy rimidines and 
phenoxypyrimidines. The results are shown in Figures 
9 to 16. The chemical structures of these herbicides 
are shown in Figure 2 of the accompanying drawings. 
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10 . ASSESSMENT OF INHIBITION 

From the enzyme assay data it is possible to 
derive, as a measure of the degree of inhibition 
the factor I D 5 0 % for each mutant and for each 

5 herbicide. This factor is indicative of the 

herbicide concentration which gives 50% inhibition 
of the ALS activity in comparison with the 
wild-type control. It is also possible to derive 
the fold increase in resistance. These 

10 calculations are are given in Table 3 below. 



IMAZETHAPYR JJie te r_ qsygpu^S. . mutants 



Plant 


ID50% 


Fold 




jjM 


Increase 


wild type 


1.5 




Mutant 1 


>1000 


>660 


2 


230 


153 


3 


2.5 


2 


5 


125 


83 


6 


60 


40 


7 


4 


3 


8 


>1000 


>660 


9 


425 


283 


10 


15 


10 


IMAZAPYR (heterozygous mutants) 


Plant 


ID50% 


Fold 




tin 


Increase 


Wild type 


3 




Mutant 1 


>1000 


>333 


2 


540 


180 


3 


4 


1 


5 


300 


100 


6 


5 


2 


7 


10 


3 


8 


>1000 


>333 


9 


>1000 


>333 


10 


35 


12 
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IMAZAQUIN (heterozygous mutants) 



Pl 

ant 


ID50-0 


Fold 




f/Vl 


Increase 


Wild type 


0-6 




Mutant 1 


150 


250 


2 


20 


33 


3 


1.5 


2 


5 


25 


42 


6 


1.5 


2 


7 


1 


2 


8 


150 


250 


9 


50 


83 


10 


7 


12 



CftLORI MURON (heterozygous mutants - )-"-*--- 



Plant 


ID50% 


Fold 




nM 


Increase 


Wild type 


3.7 




Mutant 1 


5 


1 


2 


10 


3 


3 


15 


4 


5 


17 


5 


6 


15 


4 


7 


5 


1 


8 


10 


3 


9 


10 


3 


10 


17 


5 



CHLORSULFURON (heterozygous mutants) 



Plant 


IDS0% 


Fold 




nM 


Increase 


Wild type 


18.5 




Mutant 1 


65 


4 


2 


65 


4 


3 


35 


2 


5 


40 


2 


6 


65 


4 


7 


8 


1 


8 


75 


4 


9 


50 


3 


10 


35 


2 
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THIACARBURON (heterozygous mutants) 



Plant 


ID50% 


Fold 




nM 


increase 


Wild type 


42. 5 




Mutant 1 


55 


1 


2 


320 


8 


3 


85 


2 


5 


340 


8 


6 


45 


1 


7 


25 


1 


8 


40 


1 


9 


45 


1 


10 


390 


9 



Similar calculation's were Taade' ; fb"f"" - - 
homozygous mutants 1 and 2 only, the results 
being given in Table 4 below. 
TABLE 4 

MUTANT 1 (homozygous) 



Herbicide 


II 

Wild 


D50% 

Mutant 


Fold 
Increase 


Imazapyr 


3/jM 


>lmM 


>333 


Imazethapyr 


l.SvM 


750//M 


500 


Imazaquin 


0.6j/M 


175a/M 


292 


Chlor imuron 


3.7nM 


10nM 


2.7 


Chlorsulf uron 


18 . 5nM 


60nM 


3.2 


Thiacarburon 


42.5nM 


40nM 


nil 
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TABLE 4 (continued) 
MUTANT 2 (homozygous) 



Herbicide 


Wild 


50% 

Mutant 


Fold 

Increase 


Imazapyr 






225 


Imazethapyr 






267 


Imazaguin 


Q.6fjH 


40fjK 


66 


Chlorimuron 


3 .7nM 


20nM 


5.4 


Chlorsulfuron 


18.5nM 


40nM 


2.2 


_Thi a ca r bu r on 


— 4 2.5nM 


360nM 


8. 5 


Triazolo- 

pyrimidine 


0 . 07/c/M 


0-12//M 


1.7 


Phenoxy- 

pyr imidine 


0.03mM 


0 . 45mM 


22.5 



The seeds used in this screen were populations 
of mixed tolerant and sensitive seed, segregating 
1:1, derived from each of the heterogygous , 
tolerant mutants crossed with homozygous, sensitive 
UE95. All of the tolerant progeny are heterozygous 
for tolerance. Each of the mutants identified 
above were used except mutant 4. The controls were 
seed of self-pollinated OE95 which was pollinated 
in the same year as the tolerant lines. 

One litre of compost was placed in each seed 
tray of dimensions 19cm x 11cm x 5cm deep 
and firmed down flat. Two furrows 1 cm deep were 
drawn in the surface of the compost in each' tray 
and six seeds were sown in each furrow (total 
twelve seeds per tray). Some trays were sown with 
24 seeds, in which case three furrows were made and 
8 seeds sown per furrow. 
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In each test each tray contained either the 
seed of one mutant or of the UE95 control for each 
herbicide application rate and for the untreated 
control . 

5 Five different types of ALS-inhibitor 

herbicides were tested on the mutants plus 
imazethapyr (PURSUIT) as a comparison. Four rates 
of each were applied; approximately O.lx, 0 . 5x , lx 
and 4x the estimated field rates for each 

10 herbicide. The rates are the same for mutant 3 to 
10 but higher rates for chlorimuron (CLASSIC) and 
lower rates^for chlorsulfuron (GLEAN) were applied-... 
to mutants 1 and 2. 

The following herbicides, with their 

15 estimated field application rates were used: 
chlorimuron (CLASSIC) 8 -13 g/Ha 

chlorsulfuron (GLEAN) 4 -26 g/HA 

imazaquin (SCEPTER) 100 -150 g/Ha 

triazblopyrimidine 10 - 30 g/Ha 

20 phenoxypyrimidine 100 - 200 g/Ha 

imazethapyr (PURSUIT) 70 - 140 g/Ha 

The rates of application used in the screening 
tests were as follows: 

chlorimuron (CLASSIC) 4,20,40,160 g/Ha (mutants 1 
25 and 2); and, 8,40,80,320 g/Ha (mutants 3 to 10); 

chlorsulfuron (GLEAN) 5,25,50,200 g/Ha (mutants 1 

and 2); and, 1,5,10,40 g/Ha (mutants 3 to 10); 

imazaquin (SCEPTER) 30,150,300,1200 g/Ha; 

tria2olopyrimidine 5,25,50,200 g/Ha; 
3 0 phenoxypy r imidine 10,50,100,400 g/Ha; and, 

imazethapyr (PURSUIT) 30,150,300,1200 g/Ha 
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The triazolopyrimidine and phenoxypyr imidine 
were formulated in an adjuvant wetting agent known 
as JF5969 and diluted with water to make a final 
concentration of 10% JF5969. The remaining 
compounds were diluted with water only. 

The spray jet and parameters were as 
decribed above under "SCREENING" . After spraying, 
the seeds were covered with 0.5 litre of compost 
and firmed down flat (2.5cm covering) and grown 
under the conditions described under "SCREENING" 
above . 

_ Visual assessments were made of the plants 
after four weeks growth. Each plant was scored on 
a scale of zero to 5 and the height measured from 
soil surface to the tallest leaf tip. The scoring 
scale was as follows: 

0 - 0 to 10% damage (little or no herbicidal 
effect) 

1 - 11 to 25% damage 

2 - 26 to 50% damage 

3 - 51 to 85% damage 

4 - 81 to 95% damage 

5 - 96 to 100% damage (complete death of the plant) 

In carrying out these assessments, plants 
which were obviously of the sensitive phenotype 
were ignored (approximately 50% of the plants). 

Plants scoring 0, 1 or 2 were recorded and 
potted on into larger pots and grown to maturity. 

The results are shown in Figures 17 to 22. 
Figure 23 shows a comparison of the results 
obtained as between heterozygous and homozygous 
plants. 
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12. INTERPRETATION OF THE RESULTS 

The data generated for the heterozygotes by 
the enzyme assays and the dose response curves on 
the living plants, do not correlate precisely. To 
5 those skilled in the art, this will not be 

particularly unexpected. However, there is a 
general correlation in the sense that the general 
level of resistance shown in enzyme assays tends to 
be reflected in the glasshouse studies. Of course, 
10 the criteria for deciding what constitutes a useful 
mutant varies according to the herbicide, or 
spectrum^ .of herbicides and^he rate of application 
of the herbicide with which one is dealing and the 
relatively rich diversity in the spectrum of 
15 cross-resistance displayed by the mutants of this 
invention is seen as an advantage rather than an 
undesirable variation, allowing, as it does, 
selection of a mutant for the circumstances of 
intended use. For example, although a particular 
20 mutant may display relatively low resistance 
compared with the others against a particular 
herbicide this may make it eminently useful for 
providing plants which are intended to tolerate 
only small amounts of herbicide, for example, to 
25 resist a "carry-over" effect. 

With this in mind, it is therefore possible to 
categorise the mutants on the basis of the enzyme 
assays and the glasshouse tests into "strong", 
" intermediate" r "weak" and "zero" resistance groups 
30 for each herbicide. This classification is 
summarised in Table 5 below. 
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TABLE 5 



IMAZETHAPYR 

Strong 

Intermediate 

Weak 

Zero 


MUTANT 
Enzyme Assay 
1,8,9 
2,5,10 
3,6,7, 


NUMBER 

Dose Response 

1,5,8,9 

2,6,10 

7,3 


IMAZAPYR 

Strong 

Intermediate 

Weak 

Zero 


Enzyme Assay 

1,2,5,8,9,10 

6,7 

3 


Dose Response 

no data 
no data 
no data 
no data 


IMAZAQUIN 

Strong 

Intermediate 

Weak 

Zero 


— Enzyme Assay 
1,8,9 
2,5 

3,6,7,10 


Dose Response 

1,2,8,9 

5 

3,6,10 

7 


CHLORSULFURON 

Strong 

Intermediate 

Weak 

zero 


Enzyme Assay 

1,2,3,5,6,8,9,10 
7 


Dose Response 
3 

5,7,9,10 
1,2,6,8,9,10 


CHLORIMURON 

Strong 

Intermediate 

Weak 

zero 


Enzyme Assay 
10 

1,2,3,5,6,7,9 
8 


Dose Response 
3,10 

1,2,5,6,7,8,9 


THIACARBURON 

Strong 

intermediate 

Weak 

Zero 


Enzyme Assay 

2,5,10 

1,3,6,8,9 

7 


Dose Response 
no data 
no data 
no data 
no data 
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TABLE 5 (continued) 



TRIAZOLOPYRIMI 
Strong 

Intermediate 

Weak 

Zero 


3INE 

Enzyme Assay 
no data 
no data 
no data 
no data 


Dose Response 

If 2 

7,8,9 

5,6,10 


PHENOXYPYRIMID3 
Strong 

Intermediate 
Weak 


£NE 

Enzyme Assay 
no data 
no data 
no data 
no data 


• Dose Response 

2,5,7 
3,8,9,10 
If 6 



13. PLANT BREEDING 



The^mutantea lines of the "present invention 
can be used in common with various second parent 
lines to produce herbicide resistant hybrids. 

5 Material from the homozygous lines may be 

entered into a breeding programme involving further 
outcrossing, selfing, visual selection and 
herbicide screening in order to produce a range of 
new herbicide-tolerant hybrid seed. 

10 The herbicide resistance trait can be 

transferred to new lines by the described mutation 
breeding approach or by conventional breeding 
practices, using selection for herbicide 
resistantce as described hereinabove. Biochemical 

15 and molecular screeing techniques are also 

available to those skilled in the art to aid the 
process. The use of genetic engineering techniques 
are readily conceivable to isolate and transfer the 
resistance gene. 

20 The objective of a breeding preogramme may 

simply be the beneficial transfer of herbicide 
resistance or may be more complex, involving 
concurrent improvement of agronomic performance. 
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CLAIMS: 



A method of producing mutant Zea mays 
possessing resistance to a normally lethal 
concentration of a chosen herbicide, 
comprising subjecting isolated pollen of zea 
mavs to the action Jf^a,<chemical mutagen, — 
recovering mutagenised pollen, pollinating a 
female parent therewith, harvesting seed from 
the mature plant, growing the seeds in the 
presence of selection pressure of the chosen 
herbicide or a second herbicide having the 
same mode of action as the chosen herbicide 
and recovering plants and their progeny which 
are resistant to the applied selection 
pressure. 



A method as claimed in claim 1 in which 
the chemical mutagen is ethyl 
methanesulphonate . 



A method as claimed in claim 1 in which 
the herbicide utilised for applying selection 
pressure is an inhibitor of acetolactate 
synthase. 



A method as claimed in claim 3 in which 
the said herbicide is imazethapyr. 
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A method as claimed in any preceding 
claims, in which the concentration of 
herbicide used for selection pressure is 
insufficient to inhibit germination but 
sufficient to inhibit growth of sensitive 
plants . 



A method as claimed in any preceding 
claim in which Jth$ ^ selection pressure^is 
applied by application of the herbicide to the 
seeds pre-emergence. 



Herbicide resistant Zea mays seed, 
samples of which has been deposited, under the 
terms of the Budapest Treaty, at the National 
Collection of Industrial & Marine Bacteria 
Ltd. Aberdeen, United Kingdom under the 
following Accession Numbers and on the dates 
indicated: 

Accession Number 



NCIMB 40137 
NCI MB 40136 
NCIMB 40138 
NCIMB 40167 
NCIMB 40168 
NCIMB 40169 
NCIMB 40170 
NCIMB 40171 
NCIMB 40172 



8th May 1989 
8th May 1989 
8th May 1989 
18th July 1989 
18th July 1989 
18th July 1989 
18th July 1989 
18th July 1989 
18th July 1989 



Date of Deposit 



imazethapyr resistant Zea mays seed which 
has been deposited, under the terms of the 
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Budapest Treaty, at the National Collection of 
Industrial & Marine Bacteria Ltd. Aberdeen, 
United Kingdom under the following Accession 
Numbers and on the dates indicated: 

Accession Number Date of Deposit 

NCIMB 40137 8th May 1989 

NCIMB 40167 18th July 1989 

NCIMB 40170 18th July 1989 

NCIMB 40171 lath July 1989 



Imazaquin resistant Zea. ma^s. . seed-.whi-ch- -- 
has been deposited, under the terms of the 
Budapest Treaty, at the National Collection of 
Industrial & Marine Bacteria Ltd. Aberdeen, 
United Kingdom under the following Accession 
Numbers and on the dates indicated: 

Accession Number Date of Deposit 

NCIMB 40137 8th May 1989 

NCIMB 40136 8th May 1989 

NCIMB 40170 18th July 1989 

NCIMB 40171 isth July 1989 



imazapyr resistant Zea mays seed which 
has been deposited, under the terms of the 
Budapest Treaty, at the National Collection of 
Industrial & Marine Bacteria Ltd. Aberdeen, 
United Kingdom under the following Accession 
Numbers and on the dates indicated: 
Accession Number Date of 



NCIMB 40137 

NCIMB 40136 

NCIMB 40167 

NCIMB 40170 

NCIMB 40171 



8th May 1989 
8th May 1989 
18th July 1989 
18th July 1989 
18th July 1989 



Deposit 
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Herbicide resistant Zea mays plants 
derived from herbicide resistant seeds claimed 
in any of claims 7 to 10. 



Herbicide resistant Zea mays hybrids 
created from the plants claimed in claim 11. 



An allele of acetolactate synthase giving 
herbicide resistance which has been isolated 
from any one of the seeds claimed in claim 7. 

An allele of acetolactate synthase giving 
herbicide resistance which is identical to an 
allele present in any one of the seeds claimed 
in claim 7. 
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EMS mutagenesis of 
UE95 pollen 




Mutagenised pollen 
x UE95 


















100,000 HI seeds screened in glasshouse by 
pre-emergence spraying vith Pursuit at 250g/ha 














Surviving plants transplanted and grown to maturity — 



BACK-CROSSES 
Tolerant male x UE95 female 
UE95 male x Tolerant female 
(M1BC1) 



Individual cobs labelled, 
ten seeds from each cob 
rescreened by pre-emergence 
spraying with Imazethapyr 



RFLP analysis to 
confirm genotype 



Confirmation of inheritance! 



j Introduction into breeding programmej 



Self-pollination 
(M1BC1S1) 



Back-Cross 
(M1BC2) 



Self-pollination 
(H1BC1SZ) 



Self-pollination 
(M1BC2S1) 



Select homozygotes 



Self-pollination 
(M1BC2S2) 



Select homozygotes 



FIG. 1. 
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IMAZETHAPYR 



IMAZWQUIN 



IMAZAPYR 



CHLORSULFURON 



FIG. 2. 
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CH 3 0 CH 3 OCO F 



PHENOXYPYRIMIDINE 



F I G. 2 Continued 
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FIG. 12. RESPONSE OF LEAF ALS TO 'GLEAN' 




a W3d Typt + HomugrgMS 1 O Homoxyflou* 2 



FIG. 13. RESPONSE OF LEAF ALS TO 'CLASSIC 
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FIG.U. 



RESPONSE OF LEAF ALS TO 'HARMONY' 
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